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Abstract
Backgrounds: Doenjang is traditional Korean fermented soybean paste and widely known for its various health 
benefits including anticancer effect. In this study, we manufactured doenjang with the grain‑type meju using 
probiotic mixed starter cultures of Aspegillus oryzae,  Bacillus subtilis‑SKm,  and Lactococcus lactis‑GAm to improve 
the qualities and beneficial properties of doenjang. Materials and Methods: The inhibitory effects of the doenjang 
prepared with the grain‑type meju using mixed starter cultures were investigated in azoxymethane (AOM) and 
dextran sulfate sodium (DSS)‑induced colon carcinogenesis mice model. AOM and DSS colon carcinogenesis 
was induced in female C57BL/6 mice, and doenjang was orally administered for 4 weeks. Body weight, colon 
length, and colon weight of mice were determined, and colonic tissues were histologically evaluated. The serum 
levels of proinflammatory cytokines as well as the expression of inflammation‑ and apoptosis‑related genes 
in colonic tissue were also analyzed. Results:  Administration of the doenjang using probiotic mixed starter 
cultures ameliorated the symptoms of colon cancer, and reduced the incidence of neoplasia, and reduced the 
levels of serum proinflammatory cytokines such as interleukin‑6, and tumor necrosis factor‑α and inducible 
nitric oxide synthase and cycloooxygenase‑2 expression levels in colonic tissue. In addition, it increased Bax and 
reduced Bcl‑2 expression levels and increased p21 and p53 expression in the colonic tissues. Conclusion:  These 
findings indicate that the doenjang attenuated colon carcinogenesis induced by AOM and DSS by ameliorating the 
symptoms of colon cancer, reducing the occurrence of neoplasia, regulating proinflammatory cytokine levels, and 
controlling the expressions of inflammation‑ and apoptosis‑related genes in the colonic tissue.
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INTRODUCTION

Doenjang is a representative Korean traditional fermented 
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soybean foods and well known to possess various health 
benefits including antimutagenic and anticancer effects.[1,2] 
It has been reported that doenjang has higher functionality 
than other fermented soybean foods, such as Japanese 
miso, and actual soybean.[2] Doenjang has been traditionally 
manufactured from meju, which is a main ingredient and 
starter culture, made of cooked and crushed soybeans.[3,4] 
Recently, doenjang has been commercially produced by 
several manufacturing companies, and the traditional method 
has had to be modified and adapted for mass production. 
In general, doenjang manufactured through the traditional 
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method has superior taste and functionalities compared to 
commercially produced doenjang because various naturally 
occurring microorganisms are related to traditional meju 
and doenjang fermentation. However, problems regarding 
food safety and inconvenience of traditional doenjang have 
been consistently reported. Therefore, attempts have been 
made to develop doenjang manufacturing techniques that 
take advantage of the traditional method and increase food 
safety.[5,6] One of these methods involves the use of effective 
and beneficial microorganisms as starter cultures.

Colorectal cancer  (CRC) is a major health problem 
worldwide, and much evidence has verified that chronic 
inflammation is a key predisposing factor for the development 
of CRC.[7] Especially patients with inflammatory bowel 
disease such as ulcerative colitis are at high‑risk for CRC.[8] 
Epidemiological studies have revealed an association between 
nutrition habit and the prevention of a certain type of cancer, 
including CRC. In addition, several functional foods and 
chemicals such as fermented soybean foods, curcumin, and 
epigallocatechin gallate have been reported to inhibit colon 
carcinogenesis in vitro and in vivo.[9‑11]

Cycloooxygenase‑2  (COX‑2) and inducible nitric oxide 
synthase (iNOS) are the primary enzymes associated with 
colon carcinogenesis in the context of chronic inflammation. 
COX‑2 expression is initiated by reactive oxygen species and 
tumor promoters, as well as stimulation by proinflammatory 
cytokines such as tumor necrosis factor‑α  (TNF‑α). In 
addition, up‑regulated COX‑2 generates prostaglandins that 
can promote cell growth and angiogenesis. iNOS produces 
nitric oxide  (NO), which stimulates COX‑2 activity and 
increases the inactivation of the p53 tumor suppressor 
gene.[12,13] Moreover, the lack of p53 activation results in the 
downregulation of cyclin‑dependent kinase (Cdk) inhibitors 
such as p21 and proapoptotic genes such as Bax.[14]

In the previous study, we developed the grain type meju 
using probiotic mixed starter cultures to improve the qualities 
and functionalities of fermented soybean products such as 
doenjang, as well as meju itself. And we verified its improved 
qualities and functionalities especially antiinflammatory 
and anticancer effects using azoxymethane/dextran sulfate 
sodium  (AOM/DSS) induced colitis associated colon 
cancer mice model.[15,16] In the current investigation, we 
manufactured doenjang using this grain‑type meju and 
attempted to demonstrate its health functionality using 
same mouse colon cancer model. We observed the general 
conditions of the mice and evaluated the serum levels of 
proinflammatory cytokines such as interleukin‑6  (IL‑6) 
and TNF‑α. Histological analysis was also conducted 
through hematoxylin and eosin (H and E) staining, and 

inflammation‑ and apoptosis‑related gene levels were also 
analyzed in the colonic tissues of mice.

MATERIALS AND METHODS

Preparation of the starter cultures
Bacillus subtilis‑SKm  (KFCC11520P), and Lactococcus 
lactis‑GAm  (KFCC11510P) used in this study, were 
isolated from Korean traditional meju. These bacteria 
were selected as starters for manufacturing doenjang 
due to their higher enzyme activity, probiotic effect, and 
functionality than other isolates in our previous study.[15] 
B. subtilis‑SKm  (KFCC11520P), and L. lactis‑GAm were 
inoculated nutrient broth and MRS broth, respectively, and 
incubated at 37°C for 24–48 h before use. Aspegillus oryzae was 
purchased from Chungmoo Fermentation (Ulsan, Korea) 
and maintained at − 20°C before use.

Doenjang preparation
To prepare doenjang, grain type meju was first manufactured. 
To prepare the meju, soybeans were washed and soaked in 
water at 20°C for 12 h, and steamed at 121°C for 30 min in 
an autoclave. The steamed soybeans were cooled to 45–50°C, 
and then inoculated with 0.2% (106 spores/g) A. oryzae and 
106 cfu/g B. subtilis‑SKm before being incubated at 30°C for 
48 h. Then, the fermented soybeans were inoculated with 
106 cfu/g L. lactis‑GAm and incubated at 37°C for 24 h.

The prepared grain type meju, water, and salt were mixed 
at the ratio of 1:1.7:0.46 (wt: wt: wt), placed in a jar, and 
fermented at 37°C for 6 weeks.[15] Finally, doenjang using 
probiotic mixed starter cultures was prepared, and it was 
designated as A. oryzae, B. subtilis SK‑m, and L. lactis‑GAm 
inoculated doenjang  (ABL‑d). For a comparison with 
this doenjang in further studies, doenjang prepared with 
commercial grain type meju (CG‑d) obtained from Alalee 
Food Co. (Koryung, Korea) was used. It is reported that 
doenjang made from this commercial meju exhibited strong 
anticancer and antimutagenic effect by our previous study.[1]

Azoxymethane and dextran sulfate sodium‑induced 
colitis associated cancer model
Specific pathogen free, 7‑week‑old C57BL/6 mice (Central 
Lab Animal Inc., Seoul, Korea) were randomly allocated 
as eight mice in each group, housed under standard 
conditions (50–60% humidity, 12 h dark/12 h light cycle). 
Food and water freely supplied. Mice in sample treatment 
groups were given single intraperitoneal injection of 
AOM (10 mg/kg, AOM, Sigma Co., St. Louis, MO, USA). 
Starting 2 and 5 weeks after the injection, animal received 
2.5% DSS in the drinking water for 7 days. Doenjang were 
orally administered as 2 g/kg dose weeks after the injection for 
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4 weeks. Normal group received 0.1 ml phosphate buffered 
saline (PBS) as a vehicle after the onset of the experiment for 
4 weeks without AOM and DSS and control group were given 
single intraperitoneal injection of AOM and then, received 
2.5% DSS in the drinking water after 2 and 5 weeks for 7 days. 
PBS was orally administered 2 weeks after the injection for 
4  weeks. Total experimental period was 8  weeks.[17] The 
protocol used for this study was approved by the Pusan 
National University‑Institutional Animal Care and Use 
Committee (PNU; approval number PNU‑2011–000408) 
of PNU (Busan, Korea).

Serum and tissue sample preparation
At the end of the experiment, blood samples from each 
animal were collected without anticoagulant treatment. 
Serum was separated from the blood by centrifugation at 
3500 rpm for 10 min. Colons were taken directly from mice, 
rapidly measured their length and weight, and frozen in 
liquid nitrogen. The samples were stored at − 80°C until use.

Histological examination
At the end of the experimental period, the colons were 
removed and cleaned in saline to remove fecal residues. The 
colon tissues were fixed with 10% (v/v) buffered formalin, 
and embedded in paraffin. Four micrometer‑thick slices 
from paraffin sections were stained with H and E prior to 
microscopic observation. Histological analysis was performed 
by pathologist who was unaware of the experimental protocol. 
A histological score was established in a scale of 0–4, where 
0 = No signs of damage; 1 = Few and slight signs of damage, 
2 = Mild signs of damage; 3 = Moderate signs of damage; 
4 = Severe and heavy signs of damage.[18]

Serum proinflammatory cytokine analysis in serum
Concentration of the serum proinflammatory cytokines, 
IL‑6, IL‑12, TNF‑α, and interferon‑gamma (IFN‑γ) were 
determined using a commercially available ELISA kit (ELISA 
MAX, Biolegend, San Diego, CA, USA).

Reverse transcription polymerase chain reaction
Gene expression was measured by reverse transcription 
polymerase chain reaction (PCR) in an ExiCycler (Bioneer, 
Daejeon, Korea). Briefly, total RNA was isolated from 
tissues in mice using Trizol reagent (Invitrogen, Carlsbad, 
CA, USA). One microgram of total RNA was used for 
first‑strand cDNA synthesis using Superscript II reverse 
transcriptase  (BD Bioscience, Palo Alto, CA, USA). 
Reverse transcription was performed at 30°C for 10 min, 
42°C for 30 min, and 99°C for 5 min to inactivate the avian 
myeloblastosis virus RTXL. Amplification was performed 
in a master‑cycler (Eppendorf, Hamburg, Germany) with 
denaturing at 94°C for 1 min, annealing at 54°C for 1 min, 

extension at 72°C for 30 s for 25 cycles and finally 72°C for 
7 min. The amplified PCR products were run in 1.0% agarose 
gels and stained with ethidium bromide, and visualized under 
ultraviolet light. The intensities of the bands were estimated 
by densitometry (Multi Gauge V3.0 software, Fujifilm Life 
Science, Tokyo, Japan).

Statistical analysis
All results obtained were analyzed in time design using the 
general linear model procedure of the SAS System  (SAS 
Institute, Cary, NC, USA). Data are expressed as 
mean ± standard deviation values. Means with different 
letters are significantly different (P < 0.05) by Duncan’s 
multiple range tests.

RESULTS

General observations
Table 1 showed that the changes of body weight during the 
experimental period. The weight gains of AOM and DSS 
receiving mice were slightly slower, however, all group gained 
weights and any noticeable differences in body weight of mice 
belonged to each group were not observed. Liver and spleen 
weights of AOM and DSS treated group were significantly 
heavier than normal group at the end of this study. Kidney 
weight of AOM and DSS treated group were also heavier than 
normal group [Table 2]. These all organ weights showed no 
noticeable changes in CG‑d group compared to the control 
group. However, these organ weights, especially liver weight 
of ABL‑d were significantly lighter than those of the control 
group (P < 0.05).

The colon length of AOM and DSS treated control group was 
shortened compared to that of normal group, however, this 
phenomenon was not much severe unlike in the DSS‑induced 
colitis mice model.[15] The colon weight of the control group 
increased compared with the normal group. These colon 
length and weight became similar to the normal group in 

Table 1: Effects of doenjang treatment on the body 
weight of AOM and DSS‑induced colon cancer mice 
during doenjang treatment
Experimental 
groups

Body weight (g)
Initial 2nd week 4th week 6th week 8th week

Normal 16.7±1.2 18.7±1.3 19.5±0.9 20.1±0.6 21.4±0.5
Control 16.8±0.9 18.8±1.1 18.0±1.2 19.5±0.8 20.8±0.9
CG‑d 16.7±0.7 18.6±0.4 19.2±0.8 20.3±0.9 21.4±0.4
ABL‑d 16.7±1.3 17.5±1.0 17.9±0.3 19.9±0.9 20.4±0.5
Normal: Group received PBS without AOM and DSS, Control: Group received 
PBS and induced colon cancer by AOM and DSS, CG‑d: Group received CG‑d and 
induced colon cancer by AOM and DSS, ABL‑d: Group received ABL‑d and induced 
colon cancer by AOM and DSS, AOM: Azoxymethane, DSS: Dextran sulfate sodium, 
PBS: Phosphate buffered saline, ABL‑d: Doenjang prepared with Aspergillus oryzae, 
Bacillus subtilis‑SKm, and Lactococcus lactic‑GAm inoculated meju, CG‑d: Doenjang 
prepared with commercial grain type meju
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doenjang treated group [Table 3]. The weight/length ratio of 
colon was significantly increased in AOM and DSS treated 
control group compared with the normal group. The increased 
colon weight/length ratio was recovered in doenjang treated 
group and significantly low in ABL‑d treated group (P < 0.05).

Histological observations
Macroscopically, nodular, and polypoid colonic tumors 
were observed in the middle and distal colon of all AOM 
and DSS treated mice. Microscopic view of the colon of 
mice treated with AOM and DSS and also those given 
doenjang are shown in Figure  1. AOM and DSS treated 
mice resulted in histological alteration of the colonic mucosa 
including inflammation with mucosal ulcer, infiltration of 
inflammatory cells into the lamina propria, and loss of crypts. 
And the polyps were exhibited high‑grade of dysplasia, and 
they were mostly adenoma and adenocarcinoma. However, 
doenjang treatment decreased the loss of crypt in the colonic 
mucosa and relieved the inflammation of the colonic mucosa. 
In addition, the administration of CG‑d and ABL‑d appeared 
to induce the apoptosis of colon tumor cells.

The number, size, and location of detectable tumors were 
macroscopically examined in the colon from the animals 

treated AOM and DSS. Mice treated with AOM and DSS had 
100% incidence of colonic tumors, which were ranged from 
1 to 3 mm in size. However, the multiplicity of tumors was 
lowered by the administration of doenjang. Especially, ABL‑d 
significantly reduced total number of colonic neoplasia by 
34.5% [Figure 2].

Proinflammatory cytokine levels
To investigate the role of proinflammatory cytokines such 
as IL‑6, IL‑12, TNF‑α, and IFN‑γ in colitis associated 
colon cancer, we analyzed the production of the cytokines 
in serum  [Figure  3]. In the control group, IL‑6, IL‑12, 
TNF‑α, and IFN‑γ levels were significantly enhanced, and 
this contrasted with the normal group. However, these four 
cytokines levels were significantly diminished in doenjang 
treatment group. Especially, IL‑6 and IFN‑γ levels were 
significantly low in ABL‑d group (P < 0.05).

Expression of inducible nitric oxide synthase and 
cycloooxygenase‑2 in colon tissue
Many accumulating evidences indicate an important role of 
iNOS and COX‑2 in colon cancer growth and progression. 
Therefore, the expressions of iNOS and COX‑2 in colonic 
tissue were examined  [Figure  4]. iNOS and COX‑2 
expressions significantly augmented in the control group 
compared to the normal group. On the contrary, the 
reduction of these two factors was significant in the mice 
administered with doenjang, particularly ABL‑d.

Expression of Bax, Bcl‑2, p53, and p21 in colon tissue
Bax and Bcl‑2 are members of Bcl‑2 family of apoptosis 
regulators. Over‑expression of Bax has been shown to 
induce apoptosis, and Bcl‑2 can block cell death in various 
cell systems.[19] In this study, pro‑apoptotic Bax significantly 
decreased, and antiapoptotic Bcl‑2 increased in DSS and 
AOM induced colitis associated colon cancer mice, and they 
showed a contrary tendency in doenjang, particularly ABL‑d 
treated group [Figure 5].

p53 is involved in the control of cell growth, tumor growth, 
cell cycle arrest, and apoptosis reflecting p21, Cdk inhibitor 
and/or Bcl‑2 family expression. As shown in Figure 6, p21 and 
p53 genes were diminished significantly by AOM and DSS 
treatment in animals. However, the expression of these genes 
were recovered in doenjang, especially ABL‑d fed group.

DISCUSSION

The principal object of this study was to evaluate the potential 
inhibitory effects of doenjang fermented by probiotic 
mixed starter cultures in AOM and DSS model of colon 
carcinogenesis. As mentioned above, we isolated and selected 

Table 2: Effects of doenjang treatment on the organ 
weight of AOM and DSS‑induced colon cancer mice 
at the end of the experiment
Organs Weight (g)

Normal Control CG‑d ABL‑d
Liver 0.84±0.06b 0.98±0.02a 0.99±0.05a 0.84±0.08b

Kidney 0.26±0.02ab 0.28±0.02a 0.28±0.02a 0.25±0.03ab

Spleen 0.06±0.02b 0.12±0.03a 0.10±0.01ab 0.09±0.02ab

Normal: Group received PBS without AOM and DSS, Control: Group received PBS 
and induced colon cancer by AOM and DSS, CG‑d: Group received CG‑d and induced 
colon cancer by AOM and DSS, ABL‑d: Group received ABL‑d and induced colon 
cancer by AOM and DSS. a‑bMeans with the different letters in the same row are 
significantly different (P<0.05) by Duncan’s multiple range test. AOM: Azoxymethane, 
DSS: Dextran sulfate sodium, PBS: Phosphate buffered saline, ABL‑d: Doenjang 
prepared with Aspergillus oryzae, Bacillus subtilis‑SKm, and Lactococcus lactic‑GAm 
inoculated meju, CG‑d: Doenjang prepared with commercial grain type meju

Table 3: Effects of doenjang treatment on colon length 
and colon weight of AOM and DSS‑induced CAC mice
Experimental 
groups

Colon 
length (mm)

Colon 
weight (g)

Colon weight/
length (mg/cm)

Normal 77.17±4.79a 0.26±0.05b 34.33±9.01b

Control 70.29±3.77b 0.42±0.05a 59.51±6.43a

CG‑d 73.33±8.09a 0.36±0.05ab 49.71±8.71ab

ABL‑d 74.17±3.43a 0.31±0.07ab 41.37±8.87b

Normal: Group received PBS without AOM and DSS, Control: Group received PBS and 
induced colon cancer by AOM and DSS, CG‑d: Group received CG‑d and induced colon 
cancer by AOM and DSS, ABL‑d: Group received ABL‑d and induced colon cancer by 
AOM and DSS. a‑bMeans with the different letters in the same column are significantly 
different (P<0.05) by Duncan’s multiple range test. AOM: Azoxymethane, DSS: Dextran 
sulfate sodium, PBS: Phosphate buffered saline, CAC: Colitis associated cancer, ABL‑d: 
Doenjang prepared with Aspergillus oryzae, Bacillus subtilis‑SKm, and Lactococcus lactic‑
GAm inoculated meju, CG‑d: Doenjang prepared with commercial grain type meju
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Figure 1: Histological images of the colonic mucosa of 
azoxymethane (AOM) and dextran sulfate sodium (DSS)‑
induced colitis associated cancer mice. (a) Normal, group 
received phosphate buffered saline (PBS) without AOM and 
DSS; (b) Control, group received PBS and induced colon cancer 
by AOM and DSS; (c) CG‑d, group received CG‑d and induced 
colon cancer by AOM and DSS; (d) ABL‑d, group received ABL‑d 
and induced colon cancer by AOM and DSS

Figure 2: Effects of doenjang treatment on the incidence and size 
of colonic neoplasms. Normal, group received phosphate buffered 
saline (PBS) without azoxymethane (AOM) and dextran sulfate 
sodium (DSS); Control, group received PBS and induced colon 
cancer by AOM and DSS; CG‑d, group received CG‑d and induced 
colon cancer by AOM and DSS; ABL‑d, group received ABL‑d 
and induced colon cancer by AOM and DSS. a‑cMeans with the 
different letters are significantly different (P<0.05) by Duncan’s 
multiple range test

Figure 3: Effects of doenjang treatment on serum proinflammatory 
cytokines in azoxymethane (AOM) and dextran sulfate sodium 
(DSS)‑induced colitis associated cancer mice. Normal, group 
received phosphate buffered saline (PBS) without AOM and 
DSS; Control, group received PBS and induced colon cancer 
by AOM and DSS; CG‑d, group received CG‑d and induced 
colon cancer by AOM and DSS; ABL‑d, group received ABL‑d 
and induced colon cancer by AOM and DSS. a‑cMeans with the 
different letters are significantly different (P< 0.05) by Duncan’s 
multiple range test

Figure 4: Ef fects of doenjang treatment on messenger 
RNA expressions of iNOS and COX‑2 in the colon tissue of 
azoxymethane (AOM) and dextran sulfate sodium (DSS)‑induced 
colitis associated cancer mice. Normal, group received PBS 
without AOM and DSS; Control, group received PBS and induced 
colon cancer by AOM and DSS; CG‑d, group received CG‑d and 
induced colon cancer by AOM and DSS; ABL‑d, group received 
ABL‑d and induced colon cancer by AOM and DSS. a‑dMeans 
with the different letters are significantly different (P< 0.05) by 
Duncan’s multiple range test

three probiotic microorganisms as starter for preparing meju 
and doenjang. Then, we manufactured meju and doenjang 
using the mixed starters and testified the improved quality of the 
meju and doenjng. In addition, it has been already confirmed 
the anticancer effect of the meju, which is main ingredient of 
this doenjang.[15,16] Therefore, we have attempted to examine 
the anticancer effect of the end‑product of the meju. The 
results presented herein indicated that doenjang fermented by 

probiotic mixed starter cultures effectively suppresses AOM 
and DSS‑induced mice colitis‑associated colon cancer.

The increase in colon weight to colon length ratio is a typical 
symptom in mice with colon cancer induced by AOM and DSS 
and a result of the shortening of colon length and an increase 
of colon weight. And these phenomena were caused by the 

dc

ba
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stiffness of colonic tissue, the apparent mucosal thickening, 
and the formation of neoplasia.[20] The increase in colon weight 
to colon length ratio was intensify in the control group and 
relieved in doenjang treated group, especially ABL‑d treated 
group. This may means that the dysplastic colonic tissues by 
the inflammation and tumor and the formation of tumor were 
alleviated by the administration of doenjang.

As reported previously in many experiments using AOM and 
DSS‑induced colon cancer mice model, the incidence and 
multiplicity of colonic tumors in mice administered AOM 
and DSS in this study were quite high. We did observe that 
doenjang inhibited multiplicity of colonic neoplasms, relieved 
inflammation and crypt loss in the mucosa. We also detected 
the apoptosis of colon tumor cells in the doenjang (ABL‑d) 
treated mice by histological study. Many previous studies have 
shown an anticancer activity of doenjang.[1,2,4] These findings 
suggested that the anticancer effect of doenjang is deeply 
related with its antiinflammatory and apoptosis‑inducing 
mechanisms.

The mucosal inflammation in colitis and colitis associated 
colon cancer is caused by hyperactivation of immune cells, 
which produce high levels of proinflammatory cytokines 
like IL‑6, IL‑12, TNF‑α, and IFN‑γ resulting in colonic 
tissue damage.[21] These cytokines are important mediators 
of inflammation and its related cancer and elevated 
production of proinflammatory cytokines is found in the 
inflamed colons.[22,23] Thus, reduction of proinflammatory 

cytokine production appears to be an effective approach 
to the prevention and treatment of colitis and colitis 
associated cancer (CAC). In this study, doenjang especially 
ABL‑d administered mice exhibited significantly lower 
proinflammatory cytokine levels compared with those from 
the control group  [Figure  3]. This finding suggests that 
doenjang treated mice were protected from inflammation 
and its associated cancer.

Inducible nitric oxide synthase and COX‑2 are increased 
in inflamed mucosa and remain elevated in colonic 
neoplasms.[24,25] Their over‑expression is associated with 
colon cancer formation and promotion by many potential 
mechanisms.[26] COX‑2 can catalyze the conversion of 
procarcinogens to carcinogens, indirectly produce free 
radicals, and promote angiogenesis. On the other hands, 
iNOS produces excessive NO and it causes DNA damage and 
posttranslational modification, potentially leading to tumor 
initiation and promotion.[27,28] The results of the current 
study support the concept that inhibitors of iNOS and 
COX‑2 are effective chemopreventive agents against colon 
carcinogenesis, and doenjang can inhibit colon carcinogenesis 
in AOM and DSS induced CAC mice model effectively by 
controlling the expression of iNOS and COX‑2.

The Bcl‑2 family is the best characterized group of apoptosis 
mediating factors, which include Bcl‑2, Bcl‑x, Bax, Bak, and 
several others. Their biologic functions differentiate into 

Figure 5: Effects of doenjang treatment on messenger RNA 
expressions of Bax and Bcl‑2 in the colon tissue of azoxymethane 
(AOM) and dextran sulfate sodium (DSS)‑induced colitis 
associated cancer mice. Normal, group received phosphate 
buffered saline (PBS) without AOM and DSS; Control, group 
received PBS and induced colon cancer by AOM and DSS; CG‑d, 
group received CG‑d and induced colon cancer by AOM and DSS; 
ABL‑d, group received ABL‑d and induced colon cancer by AOM 
and DSS. a‑dMeans with the different letters are significantly 
different (P<0.05) by Duncan’s multiple range test

Figure 6: Effects of doenjang treatment on messenger RNA 
expressions of p21 and p53 in the colon tissue of azoxymethane 
(AOM) and dextran sulfate sodium (DSS)‑induced colitis 
associated cancer mice. Normal, group received phosphate 
buffered saline (PBS) without AOM and DSS; Control, group 
received PBS and induced colon cancer by AOM and DSS; CG‑d, 
group received CG‑d and induced colon cancer by AOM and DSS; 
ABL‑d, group received ABL‑d and induced colon cancer by AOM 
and DSS. a‑cMeans with the different letters are significantly 
different (P<0.05) by Duncan’s multiple range test
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pro‑apoptotic (Bax, Bak) or antiapoptosis (Bcl‑2, Bcl‑xL) 
properties. The Bcl‑2 family related genes regulate cell death 
and are considered to correlate with the pathogenesis and 
progression of cancers.[29,30] p53, a tumor suppressor gene, 
is known to be a transcriptional regulator of the Bax, and a 
portion of its tumor suppressor properties may be mediated 
by transcriptional activation of the Bax.[31,32] Moreover, 
the inactivation and/or mutation of p53 are considered a 
prerequisite for tumor formation and cause a downregulation 
of p21 gene, a Cdk inhibitor.[33,34] In this study, pro‑apoptotic 
Bax decreased, and antiapoptotic Bcl‑2 significantly increased 
in the control group and they showed opposite tendencies 
in doenjang treated group [Figure 5]. The expression of 
p21 and p53 was reduced in the control group and increased 
in doenjang, especially ABL‑d treatment group [Figure 6]. 
These results suggest that doenjang (ABL‑d) attenuate colitis 
associated colon cancer inducing cancer cell apoptosis via Bcl‑2 
family‑dependent pathway. And ABL‑d may also regulate the 
expression and mutation of p53 and its downstream death 
effector Bax and p53‑induced cell cycle inhibitor p21.

CONCLUSION

Doenjang prepared with probiotic mixed starter cultures was 
shown to attenuate AOM and DSS‑induced colitis associated 
colon cancer in mice. These effects were correlated with an 
amelioration of colon cancer symptoms such as a reduction 
of colon weight, reduced numbers of neoplasia. Our data 
also indicated that the inhibitory effects of doenjang on 
colon cancer are explained by control of inflammation and 
cancer cell apoptosis and it is verified by reduced serum 
proinflammatory cytokine levels of IL‑6, IL‑12, TNF‑α, 
and IFN‑γ, down‑regulation of iNOS and COX‑2, and 
up‑regulations of p21 and p53 in the colonic tissue. In 
addition, the effect of doenjang prepared with probiotic 
mixed starter cultures were stronger than that of commercial 
doenjang in this study and this tendency was also observed 
our other in vitro and in vivo test.[15] Therefore, using probiotic 
mixed starter cultures appears to be an effective method to 
improve the functionality of doenjang.
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